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NACA RM A51H10a

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM s

TESTS IN THE AMES LO— BY 80-F0OT WIND TUNNEL OF AN ATRPLANE
CONFIGURATION WITH AN ASPECT RATTO L TRTANGULAR WING
AND AN ALT~-MOVABLE HORTZONTAL TAIL —
IORGITUDINAL CHARACTERISTICS
By Devid Graham and David G. Koenig

SUMMARY

An Investigatlon has been made to determine the low-speed longl-—
tudinal characteristics of an aspect ratio 4 triangulsr wing, alone and
in combipation with a fuselage, verticel tail, and horizontal tail. The
complete model consisted of the wing (NACA 0005 modified airfoil section)
in camblnation with a fuselage of flneness retio 12.5; a thin, triangulsar,
vertical tall; and each of two thln, unswept, all-movable horlzontal
tails (aspect ratios of approximately 2 emd L). Tests were made with the
horizontal tails at each of three vertlical distances above the wing-chord
plane (0, 0.18, and 0.36 wing semispan) at one longitudinal distance
behind the wing. The average Reynolds number, based on the wing mean
aerodynamic chord, was 10.9 X 10% and the Mach number was 0.13.

The results of the Investigation showed that the model with elther
tall leccated in the extsnded wing—chord plane had a stabllizing variation
of the aerodynamic center position with 1ift coefficlent throughout the
11ft range; whereas there were large destabllizing varlations of the sero—
dynamic center posltion for the model with either tall located in the
positions sbove the wing—chord plans. This effect of vertical poslition
of the horizontal tail on the longitudinsl stability is similar to that
obtalned for a configuration with an aspect ratio 2 triangular wing
(NACA RM A51B21, 1951).

INTRODUCTION

The results of tests of an aspect ratlo 4 triangular wing (refer—
ence 1) have shown the wing to be suitable for use at supersonic speeds,
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In order to determine the aerodyramic charscteristice of a similar wing
at large scale and low speed, an investigation has been conducted in the

Ames 40— by 80-Foot wind tumnel,.

The results of reference 1 with regard to aerodynemic—center shift
and of reference 2 wilth regard to demping in pitch indicate that prime
consideration should be placed on the uee of the wing in an alrplane con—
Tlguration with a horlzontel tail. Therefore tests were conducted to
determine the low—speed longlitudinal characteristics of an airplane con—
figuration with the aspect ratio L triangular wing and a horizontal tall.
The results of tests reported in reference 3 showed that the vertical
poslition of a horizontal tall had a marked effect on the longltudinal
stablllty of a model with an aspect ratic 2 wing; hence the vertlcal
position of the tail wgs varled In the present case. In addition, the
effect of a variation of tall span on the longitudinal stablility was
investligated, -

ROTATION

'b2
A wing aspect ratio( E)
By 2
A, horizontal tall aspect ratio (gi‘-—)
t

@ angle of attack of the wing—chord plane with reference to
free stream, degrees

b wing span, feet

horizontal-tall spen, feet

c wing chord, measured parallel to wing center line, feet

mean aerodynamic chord of wing measured parallel to wlng

o]

b/2 o2dy
center line —°7——-—- , feet
Few

o

Cp drag coefficlent ( ?;DE )

)

call-'"

CL 1ift coefflcient ( 2
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Cp, pltching-moment coefficient (-liz )
: aSc

D total drag, pounds
average effective downwash angle, degrees

angle of incidence of the horizontal tall relstive to the
wing—chord plane, degrees

1 -distance from center of gravity to pivot llne of horizontal

® tall, feet
L total 1ift, pounds
% lift—drag ratilo
M total pitching moment about the center of gravity, foot—pounds
q free—stream dynamic pressure, pounds per square footb
S wing area, sguare feet
St horizontal—tall ares, square feet
W airplane weight, pounds
ha coord.i‘nate perpendicular to plane of symmetry, feet
Z coordinate perpendlcular to wing—chord plane, feet

APPARATUS AND TESTS

A drawing of the camplete airplane model 1s shown in flgure 1 and
a photograph of the model in the Ames LO— by 80—foot wind tumnel is shown
in figure 2. The pertinent dimenslonal data are presented in table I.
The fuselage, horizontal tall, and vertical tall previously used with an
aspect ratio 2 triangulsr wing (reference 3) were also used for the sub—
Ject tests.

The wing of the model had an aspect ratio of 4. The alrfoil sections
parallel to the model center 1ine were modified NACA 0005 sections, The
modification consisted of a straight—line fairing fram the 67-percent—
chord station to the trailing edge. Coordinates of the alrfoll sre listed
in table II. '

|, .i-__ I .
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The fuselage was of clrcular cross sectlon and had a flnenesa ratio
of 12,5. Coordinates for the fuselage are presented in table IIT,

Two all-movable horizontal talls were used. IEach tail had an unswept
plan focrm and modified diamond sections. The original diamond section of
5.6~percent thickness was modified by rounding the maximm—thickness ridge
using a radius of curvature of 4.48 chord; the resulting section had a
maximum thickness of L4,2-percent chord. Each horizontal tall was tested
at three positions, namely, at the low, middle, and high positions showm
in figure 1. ZEach tail was pivoted about a line comecting the leading
edges of 1ts tip sections. In the low position, each horizontal tall was
mounted on the fuselage with its pivot line in the extended chord plsns
of the wing. In the middle and high positions, the horizontal talls were
mounted on the vertical tall with the plvot lines located vertlcally at

approximately 18— and 36-—percent wing semlspan above the wing—chord plans,

respectively. (See table I and fig. 1.) The longitudinal location was
the same for all three tall positions. The same horizontal-tail surface
panels were used at each of the three positions. Tall 1, which was used
in the investigation reported in reference 3, had.an aspect ratio of 4
when mounted om the vertical tall. The aspect ratios of the talls were
larger when at the low position than at the other two positions. (See

table I.)

- Force and moment data were obtained for the wing alone, wing—fuselage,
wing-fuselage—vertical—tail configuration, and the complete model with
each horizontal tall at each of the three positions, The tails were met
at 0%, —2°, and —-6° angle of incidence at each of the three tall positions.
With the talls In the low position, additional tests wore made at an
angle of incidemnce of —10°, Accuracy of horizontal—tall settings was
within +0.29, All tests were made at zero sideslip through an angle—of-—
attack range of approximately —1° to 24°,

The average Reynolds number of the testa was 10.9 million based on
the mean aerodynamic chord of the wing, The dynamic pressure was approxi—
mately 25 pounds per square foot and the Mach number was 0,13,

RESULTS

Lift, drag, and pitching-moment data for the wing alone, wing—
fuselsge, and wlng-fuselage—vertical~tall conflgurations are presented
in flgure 3. The pltching-moment data in this figure are referred to the
quarter—chord statlon of the mean aercdynamic chord. The 1lift, drag, and
pltching-moment data for the complete model with each of the two horizontal
talls are shown in figures 4, 5, and 6. The pitching-moment data in these
flgures are referred to center—of—gravity locations for which a value

N -



NACA RM A51HlOa "y 5

of (4C /ch)CL = -0.06 was obtained wlth the horizontal tail

at 1 0°. The center—ofngravity locations used are listed in table Iv.
gata were corrected for wlnd—tunnel-well effects and support—etrut
interference.

The varlations of the average effectlve downwash angle with angle of
attack at the position of the horizontal tail were determined from the
pitching-moment data of figures 4, 5, and 6 and are presented in fig—
ure 7. The values were determined by the relstion

ea_v_=(1;+1t
where the value of «a 1s that at which the tall-on and tall—off pltching-
.moment curves intersect. In order to obtain points of intersection for
tail incldences other than those tested, a linear varilation of dcm/dit
was assumed.

DISCUSSION

Model Confilgurationa Without Horizontal Tail

Theoretical 11ft, drag, and pitching-moment curves for the wing
alone are compered in figure 3 with the corresponding experimental curves;
the simplified lifting-surface theory of reference 4 was used. The curves
are noted to be in agreement only in the low lift—coefficient range. In
this range the lift—curve-—slope prediction 1s excellent; the predlcted
slope is 0.058 per degree, and the measured slope is 0.057. The drag
curve 1s glso predlicted with good accuracy. Predictlon of the aerodynamic—
center location is fair (33 percent instead of 36 percent <c).

The foregoling agreement between measured and predicted results as
rogards degree and Cp, range is very similar to that noted for thin tri-
angular wings of lower aspect ratlo., The limlted lift-—coefficient renge
of applicability of the theory-has been shown in the case of a thin tri-—
angular wing of aspect ratio 2 to be due to a separation—vortex type of
flow which first appears near the tlip and spreads inboard with Increasing
angle of attack. (See reference 5 for a description of this type of flow.)
Tuft studles of flow over the aspect ratioc L wing indicate a similar flow
conditlon to be the reason for the limited range of applicabllity of ths

theory.

) The effect om the force and momsent characteristica of the addition
of the fuselage, as 1n the case of an aspect ratio 2 wing (reference 6),
was small, The lift-curve slope was increassed from 0.057 per degree to

0.059; Cq ¢ V¥as ilncreased from 0.96 to 0.99; and the aerodynamic center
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was moved forward from 36 to 34 percent of the mean aerodynamic chord,
The addition of the vertical tall caused no slgnificant change in 1ift

or moment.

By superposition of wing-alone and fuselage-alone (unpublished data
from Ames 40— by 80~foot wind tummel) pitching-moment characteristics,
an aerodynsmic center shift of 5.4 percent of the mean aercdynamic chord
1s predicted, whereas the experimental results show only a 2-percent
shift, This indlcates a slzable wing-~fuselage Interference effect on the
aerodynamic—center locatlon, an effect which was also found for the aspect
ratio 2 wing-fuselage combination (reference 6).

. The data for the wing—fuselage—vertical—tall configuration are ocom—
pared in figure 8 with data for a similar configuration with an aspect
ratio 2 wing (referemce 3). Though a similar type of flow separation
occurred on the two wings, the effect of this type of flow on the 1ift
and pltching-moment charscteristlcs wes qulte different. On the aspect
ratio 4 wing, the start and progression of the flow separation resulted
in 8 continuously decreasing lift—curve slope and a forward shift of the
aerodynemlc center followed by a large rearward shift near maximum 1ift,
On the aspect ratio 2 wing, 1t resulted in only a small irregular
aerodynamic—center variation and an increased lift—ourve slope which
remalned fairly constant up to the maximum 11ft coefflclent obtained. The
maximum 11ft coefficients of low-aspect—ratlio triangular wings are of
minor practical significance, 1t 1s believed, because of the high angles.
of attack Involved. It la lnteresting to mote, however, that the maxlimmm
1ift coefficient of the aspect ratio 2 wing (fig. 8) would be consider—
ably higher thsn that of the aspect ratio 4 wing.

Model Configurations With Horizontal Tsil

Longitudinal stapllity.—~ Figures 4, 5, and 6 show the effects of
vertlical location of the horizontal tail and of tall span on the longl—
tudinal stabllity characteristica of the model. In all cases 1t can be
Seen that the vertical location of the tall was the domlnant factor. The
followlng comments on the effect of vertical position apply, therefore,
to either tall,

With the tall In the low positlon, the lornglitudinal stabllity
increased gradually with increasing 1lift coefficient until at 1ift coef—
ficlents above 0.8 there was a very rapid increase in stabllity, With the
tall located In the positions sbove the extended wing—chord plane, the
model stebillity varied wldely through the 1ift range. With the tall Iin
oither the middle or high positions, the stability decreased slightly up
to 11ft coefficients of the order of 0.6; then between 1ift coefficients

h' : I 'i- e - 4
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of 0.6 snd 0.9 there was a large decrease in stability (0.61c and l.klc
forward shift of the amerodynamic center for the mlddle and high positlons,
respectively) which wae f£inally followed by a large increase in stability
at higher 1ift coefficlents.

The variations of downwash angle with angle of attack (fig. T7), which
cause the changes in stability, are belleved to be @ result of the
separation—vortex type of flow. These variations are similar tc those
obtalned on an alrplane model with an aspect ratioc 2 triangular wing
(reference 3). The effect of the separation—vortex type of flow on deav/dm
and thns the stability contrilbutlion of a tail is discussed in reference 3.

Ag noted in reference 3, downwash surveys show that a horizontal tell
at positions slightly above the extended wing—chord plane would be satis—
factory for the model wlith the aspect ratilo 2 wing. Since the varlatlons
of the downwash angle with angle of attack behind the aspect ratio 4 and
agpect ratlo 2 wings are simllar for corresponding tall positions, the
assumption probably can be made that the use of a horlzontal tall in posi-
tions slightly above the extended wlng—chord plane would also be satis—
factory for the configuration with the aspect ratio 4 wing.

A comparigon of the downwash curves obtained with talls I and 2 indi-
cate that, although there are changes in the effectlve downwash angle at
a glven angle of atback, the changse of tall span does not alter the general
variation of the effective downwash angle wlth angle of attack. Hence, as
noted previously, the varlation of tall span had only a minor effect on
the longlitudinal-stability characteristics.

Trim characteristics.— Presented in figure 9 are the 1ift and drag
characteristics for the trimmed alrplame wlth elther teil located in the
oxtended wing-chord plsne. These characteristlcs were derlved from the
data of flgure 4. Curves of constant gliding and sinking spesds, computed
for a wing loading of 30 pounds per square foot, are Included in the fig—
ure. Also shown are the 11ft and drag characteristics of the trimmed air—
plane configuration with an aspect ratio 2 wing. A 6—percent statlic margin

was ggsumed for all the airplane configurations. A ocomparison of the 11f%
end drag characterlstice of the two trimmed alrplane models Indicates, as

might be expected, that the airplans with the aspect ratio L wing would

have better 1lift and drag characteristice, This ls a result of the higher
1ift—curve slope and lower induced drag of the aspect ratio It wing. Hence,
the airplsne model with thls wing is able to attain both lower gliding

and sinking speeds, at a given attltude up to an angle of attack of approxi-—
mately 22°, than the alrplane model with the aspect ratio 2 wing. This is
shown more clearly in figure 10 where the gliding amd sinking speeds of the
models with the aspect ratio 2 and 4 wings and tail 1 are plotted as a
function of angle of asttack. The alrplane with the aspect ratlo 2 wing,
however, 1s sable to attain higher 11ft coeffiolents and would thus have

g
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lower minimum gliding speeds if no limitations were placed on maximum per—
misslble attltude, or sinking speed. Before any final concluslons can be
drawn, however, the effect of flaps must be determined.

CONCIUDING REMARKS

The results of the Investigation showed that the model wlth elther
tail located 1n the- extended wing-chord plane had a stabilizing variation
of the aerodynamlio—center positlion with lif't coefficlent throughout the
1ift range; whereas for the model with elther tail located in either of
the positions sbove the wing-chord plane there were large destabllizing
varlations of the asrodynemic center positiaon.

This effect of vertlical position of the horizomtal tall on the longi—
tudinal stablillity has alsec been found for a conflguration with an aspect
ratio 2 triangulsr wing (NACA RM A51B21, 1951). It is believed that the
same effect can, therefore, he expected for alrplane models having thin
triangular wings wlth aspect ratios between 2 and 4,

Ames Aeronautlical Isboratory,
National Advisory Commlttee for Aeronautics,
Moffett Fileld, Callf.
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TABLE I.— DIMERSIONAL DATA

RACA RM AS51H10a

Wing

Area, square feet , , , | |,

SPan,i’ee'b...............'.-..'.
Mean aerodynsmic chord, feet , . . &« v « « ¢ o »
Aspect ratlo ¢ v v ¢ 4 d e 4 i L e e e e e e e .
Taper ratlo, . . . ¢ ¢ ¢ o o ¢ s o o « s o o o &

Fuselage

Lengbh’feetu-ltt-----------.‘-
Maximm dlamster, feet . , . . . . . . ¢ . = « &

Flnemesa ratlo . . . & ¢ ¢ ¢ ¢ ¢ ¢ o e ¢ o o = &«
Vertical tall

Exposed area, square feet . . v ¢« ¢« &« &« &+ + .+ &
Aspect ratio of plan form, extended to

model center Ilne . . . . o v ¢« ¢ « o s o s
Teaper ratlo . « o o o « & © o s e s e s b e a
Alrfoll section parallel 'bo model center

line-'.uooo-l.-'a..t...l-.

Horizontal tail

Sg/8 « ¢ v v v i i e e e e v ... 0,246
L 4 o X x|
L £ I 1
Aspect ratio .« . . 4 v . b b e s e o . kL
Taper Yatlo . ¢ ¢ ¢ ¢ o o o o« ¢ o o« o.46

Middle poaition

Se/8 v i e e e e e e e e e e . ... 0.200

LT 4 R 11
L £ W (05
Aspect ratlo . . . v i 4 i e e e ... k.0

Low position : Tail 1

Taper I'a'tiO * 8 " e g e & & & e 9 4 s 0'50

Modified NACA 0005

Tgil. 2
0.266
0.391
I.752

2.3
0.45

0.200
0.316

1.730
2.0
0.0
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TABLE I.-- CONCLUDED

11

High position Tall 1

Se/8 i i e e e e e e e e ie .. . 0.200
e/ b i i e e e e e e e e e .. . OL8

zt/a- . . . - - [ ) . - - . . - . ] . ] 1.679

Aspect ratlo , we v« ¢« ¢ ¢ a ¢ ¢ s ¢+ o k.0
Taper ratlo .« ¢ & &« 4 o 4 ¢ ¢« o o « « » 0,5

Tail 2

0.200
0.316
1.733

2.0
0.20
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TABLE II.— COORDINATES OF THE NACA 0005
(MODIFIED) SFCTION

Station Ordingte
(percent chord) (percent chord)
0 0
1.25 .789
2.50 1.089
5.00 " 1.481
7-50 1'750
10.00 1.951
15.00 2,228
20.00 2,391
25.00 2.h76
30.00 2.501
40.00 2.h19
50.00 2.206
60,00 ' 1.902
67.00 1.650
T0.00 1.500
80.00 1.000
90.00 .500
100.00 0
L. E, radius, 0.275-percent chord

G W



NACA RM A51HIO=a

- . .

TABLE ITI.— BODY COORDINATES

[S‘batioﬁs gnd radil in percent

of the total lengthl

Station Radius

0 100.00 0
.625 99.375 .26
1.25 98.75 k2
2.50 97.50 .70
5.00 95.00 1.15
T.50 92.50 1.5k
10.00 90.00 1.86
15.00 85.00 2,41
20.00 80.00 2.86
25,00 75.00 3.22
30.00 70.00 3.51
35.00 65.00 3.73
k0,00 60.00 3.88
45.00 55 .00 3.97
50.00 --— 4,00

13
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TABLE IV.,— CENTER-OF-GRAVITY LOCATIONS
FOR THE VARIOUS CONFIGURATIONS

Configuration Center—of-gravity location
ipercent ©)

Wing alone ) 25.0
Wing—fuselage 25.0
Wing—-fuselage-vertical-talill 25.0

Complete model with tail 1

Low : 4o.8

Middle : . k3.9

High _ _ _ 46.3
Complete model with tall 2

Low 39.0

Middle = S ' ' 39.3

High 41,0

1Tn figures 4, 5, and 6, where the wing-fuselage—vertical-—
tall—configuration data are compared with the data for the
complete model, the center—of-gravity location for the com—

plete model 1is used. W
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17.68

5.89 W
] 5° fg_tz._rg_ 1 \

_/ Toil 1
Low position
Tall 2 —/

Low position \pfyof line

Aoy

b 8.84 -

17.68 —-l

[ 25.9/ 22.30

26.24 -

Dimensions shown In fesl Intersection of pivof line
unless otherwise specified and plone of symmetry

' Figure |- Geomelric details of rhe model.

< *
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Figure 2.— The model es mounted in the Ames 40— by 80—Foot Wind Tunmel.
Horizontal tail 1 in low positiom.,
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Figure 6.- Longitudinal choracteristics of the model with the horizontal tails in the

high position.
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Figure 7.- Variation of average effective downwash angle with oangle of altack.
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